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Abstract of JP2071 1 66 
PURPOSErTo improve measurement 
accuracy and reduce in size and weight by 
forming a sound reed, a measurement 
electrode and a circuit part with the same 
member (substrate). CONSTITUTIONS 
substrate (highly elastic plastic plate) 1 is fixed 
on a fixing member 2 with screws 8. A part of 
the substrate 1 is cut out by etching or 
machining to form a sound reed 3, and a 
measurement electrode 4 is formed on the tip 
of said reed 3. The electrode 4 is connected to 
a rear pattern via a through hole, and said 
pattern is connected to a preamplifier circuit 6. 
A piezoelectric element 5 is adhered to the 
vicinity of the supporting base of the sound 
reed 3. Driving signals and feedback signals 
are input to a driving circuit 7. The substrate 1 
is equipped with a recess 9 for escaping 
vibration of the sound reed 3. This sensor is 
used while being covered by a console (shield 
case) having an opening. Relative positional 
relation among the respective elements 1, 3, 4 
and the positional relation among the elements 
1 , 3, 4 and the console opening thus can be 
determined accurately. This improves 
accuracy for measuring potential. 
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DESCRIPTION 



1 . Title of the Invention 

Surface potential sensor 

2, Scope of Claims 

(1) A surface potential sensor, comprising: a substrate; a 
cantilever vibrating reed formed by cutting out a part of the 
substrate; a piezoelectric element adhered to the vibrating reed; 
a measuring electrode provided on a tip of the vibrating reed; a 
drive circuit of the piezoelectric element, provided on the 
substrate; and an amplifier circuit for amplifying an 
alternating-current signal induced in the measuring electrode, 
provided on the substrate. 

(2) The surface potential sensor according to claim 1, wherein the 
substrate is composed of a highly-elastic metallic thin plate, and 
the measuring electrode and a circuit pattern which are formed by 
an electroconductive film provided on the highly-elastic metallic 
thin plate through an insulating film. 

(3) The surface potential sensor according to claim 1, wherein the 
substrate is composed of a highly-elastic insulating plate, and 



l 



the measuring electrode and a circuit pattern which are formed by 
etching an electroconductive film provided on both sides of the 
highly-elastic insulating plate. 

(4) The surface potential sensor according to any one of claims 
1 through 3, wherein two vibrating reeds are provided symmetrically 
with respect to a supporting portion, and the two vibrating reeds 
vibrate in phases opposite to each other, 

(5) The surface potential sensor according to claim 4/ wherein: 
the two vibrating reeds have a piezoelectric element for driving 
and a piezoelectric element for detecting vibration respectively 
adhered thereto; the piezoelectric elements are respectively 
connected to an output and an input of a predetermined amplifier; 
and when the amplifier is turned on, the piezoelectric elements 
automatically oscillate at resonance frequencies unique to the 
vibrating reeds. 

(6) The surface potential sensor according to claim 4 or 5, wherein 
one of the two vibrating reeds which is not provided with the 
measuring electrode has a second measuring electrode at a position 
symmetric to that of the measuring electrode, and a signal of the 
second measuring electrode is input to a differential input of the 
amplifier circuit . 

3. Detailed Description of the Invention 
(Industrial Field of the Invention) 

The present invention relates to a surface potential sensor 



for measuring surface potential in a noncontact manner. 
(Prior Art) 

Examples of an alternating-current surface potential sensor 
which are conventionally used include a rotating-sector type sensor, 
a vibrating-capacitor type sensor in which a measuring electrode 
itself vibrates, and a vibrating-sector type sensor in which a 
chopper portion is provided on the tip of a tuning fork. In 
particular, combined with a piezoelectric element having an 
improved performance, a sensor with a chopper drive system using 
a tuning fork has been the mainstream because it is small in size 
and can easily obtain a stable high-amplitude vibration. 
(Problems to be solved by the Invention) 

However, the sensor with a chopper drive system using a tuning 
fork has the following problems because the tuning fork, a 
supporting member thereof, a circuit portion, and a shield case 
of a surface potential sensor are respectively configured by a 
separate member or component . 

(1) Since precision in assembling respective members has a given 
limit, it is difficult to determine relative positional relations 
among the tuning fork, a measuring electrode, and a measuring window 

(an opening of the shield case facing a surface to be measured) 
with high dimensional precision. Thus, measurement precision 
cannot exceed a certain level. 

(2) A size in a thickness direction (thickness) of the sensor after 



assembling augments, and thus the reduction in size and weight has 
a given limit. 

(3) An assembling process becomes complicated, which leads to high 
production costs. 

In addition, the following problem occurs . Specifically, it 
is difficult to handle a signal line for amplifying a minute signal 
having extremely high impedance induced in the measuring electrode, 
in particular, a drive signal of the piezoelectric element, without 
the signal line being affected by other external noise. 

The present invention has been made to solve such conventional 
problems, and has an object to provide a surface potential sensor 
having the following characteristics: (1) measurement precision 
can be improved; (2) the sensor is small and light; (3) simple 
assembly enables automation of the process, and thus production 
costs can be reduced; and (4) the sensor is not affected by external 
noise . 

(Means for solving the Problems) 

In order to achieve the above object, in a surface potential 
sensor of the present invention, a vibrating reed, a measuring 
electrode, and a circuit portion are formed by a single member 

(substrate) . 

When two vibrating reeds are provided, they are positioned 
symmetrically with respect to a supporting portion to balance by 
vibrating in phases opposite to each other. 



Further, when the two vibrating reeds are provided, a second 
measuring electrode is provided on one of the two vibrating reeds, 
which is not provided with the measuring electrode, at a position 
symmetric to that of the measuring electrode provided on the other 
vibrating reed, and a signal of the second measuring electrode is 
input to a differential input of an amplifier circuit- 
(Operation) 

In the present invention, the vibrating reed, the measuring 
electrode, and the circuit portion are formed by the single member 
(substrate) . Thus, relative positional relations among the 
vibrating reed, the measuring electrode, and the measuring window 
(the opening of the shield case) can be determined with high 
dimensional precision. Therefore, the precision of potential 
measurement can be improved. 

For the same reasons, the thickness of the surface potential 
sensor can be reduced, and thus the sensor can be reduced in size 
and weight. Because the assembling process is simplified, 
automation of the process can be possible. Therefore, production 
costs can be reduced. 

Further, when the two vibrating reeds are provided, their 
vibrations balance each other. Thus, a vibration leakage to the 
outside does not occur, and the vibrating reeds are not affected 
by external noise either . 

Further, when the two vibrating reeds are provided, the second 



measuring electrode is provided on one of the two vibrating reeds, 
which is not provided with the measuring electrode, at a position 
symmetric to that of the measuring electrode provided on the other 
vibrating reed. A signal of the second measuring electrode is 
input to a differential input of the amplifier circuit. Thus, a 
noise component, other than surface potential of an object to be 
measured, is cancelled by amplifying the difference between the 
noise component and an induced voltage of the second electrode. 
Therefore, potential measurement can be performed with high 
precision. 
(Embodiments) 
(First Embodiment) 

Fig. 1 shows a first embodiment of the present invention. 

In Fig. 1, reference numeral 1 denotes a substrate, and 
reference numeral 2 denotes a mounting member of the substrate 1. 
The substrate 1 is fixed on the mounting member with screws 8. 
Reference numeral 3 denotes a vibrating reed formed by cutting out 
a part of the substrate by etching processing or cutting, and 
reference numeral 4 denotes a measuring electrode formed on the 
tip of the vibrating reed 3. The measuring electrode 4 is connected 
to a rear pattern via a through hole, and the rear pattern is 
connected to a preamplifier circuit 6. Reference numeral 5 denotes 
a piezoelectric element which is adhered in a vicinity of a 
supporting portion of the vibrating reed 3. A driving signal and 



a feedback signal are input to a drive circuit 1 . Reference numeral 
9 denotes a recess provided on the substrate 1 for letting out 
vibration of the vibrating reed 3. 

In the substrate 1, as shown in Fig* 2, a highly-elastic resin 
plate 11 is covered with electroconductive films 10a and 10b on 
both sides to form the measuring electrode 4 and a circuit pattern. 
The electroconductive films 10a and 10b may be formed by plating 
or coating, or by laminating an electroconductive metallic thin 
film. The measuring electrode 4 and the circuit pattern are formed 
in the same process as for regular printed wiring boards (printing 
boards) . 

The substrate 1 may be formed such that after an insulating 
film 13 is printed on a highly^elastic metallic thin plate 12 such 
as that made from phosphor bronze or elinvar, an electroconductive 
film 14 is printed thereon to form the measuring electrode 4 and 
the circuit pattern, as shown in Fig. 3. 

The insulating film 13 is formed by insulating-agent coating 
or by insulating-film printing. The electroconductive film 14 can 
be formed by print or deposition of an electrically conductive 
coating material. 

As shown in Fig. 4, a surface potential sensor of this 
embodiment is used while covered with a shield case 15 having an 
opening 16. 

Next, its operation will be described. 

7 
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In the sensor of this embodiment, the vibrating reed 3 is 
formed by cutting out the substrate 1 on which the measuring 
electrode 4 and the circuit pattern are formed. In other words, 
the vibrating reed 3, the measuring electrode 4, and the circuit 
pattern are formed on one substrate 1. Thus, relative positional 
relations among the respective elements 1, 3, and 4 can be determined 
with dimensional precision. Positional relations among the 
respective elements 1, 3, and 4 and the opening 16 of the shield 
case 15 can be also determined precisely. Therefore, the precision 
of potential measurement is improved. 

Further, for the reasons described above, the thickness of 
the surface potential sensor is reduced, and thus the size and weight 
of the sensor can be reduced. Furthermore, since the fabrication 
of the substrate 1 and the cutting-out process for the vibrating 
reed 3 are relatively simple, the automation of the process is 
possible. Therefore, production costs can be reduced. 
(Second Embodiment) 

Fig. 5 shows a second embodiment. In this embodiment, a pair 
of vibrating reeds 3a and 3b is provided by cutting out the substrate 
1 in a symmetric manner with respect to their supporting portion. 
Piezoelectric elements 5a and 5b are symmetrically adhered to the 
vibrating reeds 3a and 3b. One of the piezoelectric elements 5a 
and 5b is used for driving and the other is used for detecting 
vibration. In Fig. 5, the same reference numerals are given to the 

8 



same portions as those shown in Fig. 1. 

According to this embodiment, as shown in Fig. 6, the 
vibrating reeds 3a and 3b balance by vibrating in phases opposite 
to each other, so that there is no leakage of vibration to the outside 
and the vibrating reeds 3a and 3b are not affected by mechanical 
noise from the outside. Further, there is an advantage that a member 
for mounting the substrate 1 can be reduced in weight. The other 
effects are the same as those in the first embodiment. 
(Third Embodiment) 

Fig. 7 shows a third embodiment. In this embodiment, a second 
electrode 4a is provided on the tip of the vibrating reed 3b of 
the second embodiment at a position symmetric to that of the 
measuring electrode 4 of the vibrating reed 3a. A signal of the 
second electrode 4a is input to a differential input of the 
preamplifier circuit 6. 

According to this embodiment, a noise component, other than 
the surface potential of an object to be measured, the potential 
being induced in the measuring electrode 4, is cancelled by 
amplifying the difference between the noise component and an induced 
voltage of the second electrode 4a. Therefore, potential 
measurement can be performed with high precision. The other 
effects are the same as those in the first embodiment. 
(Effect of the Invention) 

As described above, according to the present invention, there 



is provided a surface potential sensor having the following 
characteristics: (1) the precision of potential measurement can 
be improved; (2) the sensor is small and light; (3) simple assembly 
enables its automation, and thus production costs can be reduced; 
and (4) the sensor is not affected by external noise. 
4. Brief Description of the Drawings 

Fig. 1 shows a first embodiment of the present invention, in 
which Fig. 1(a) is a top view, Fig. 1(b) is a side view, and Fig. 
1(c) is a bottom view. Fig. 2 is a side view of a substrate shown 
in Fig. 1. Fig. 3 is a side view showing another form of the 
substrate shown in Fig. 1. Fig. 4 is a side view showing a state 
where a vibrating reed shown in Fig. 1 is covered with a shield 
case. Fig. 5 is a top view showing a second embodiment. Fig. 6 
is a side view showing how vibrating reeds shown in Fig. 5 vibrate. 
Fig. 7 is a top view showing a third embodiment. 
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FIG. 1 

CONFIGURATION DIAGRAM OF FIRST EMBODIMENT 

1: SUBSTRATE 

3: VIBRATING REED 

4: MEASURING ELECTRODE 

5: PIEZOELECTRIC ELEMENT 

6: PREAMPLIFIER CIRCUIT 

7: DRIVE CIRCUIT 

FIG. 2 

SIDE VIEW OF SUBSTRATE OF FIRST EMBODIMENT 
FIG. 3 

SIDE VIEW SHOWING ANOTHER FORM OF SUBSTRATE 
FIG. 4 

SIDE VIEW SHOWING STATE WHERE VIBRATING REED OF FIRST EMBODIMENT 
IS COVERED WITH SHIELD CASE 

FIG. 5 

TOP VIEW OF SECOND EMBODIMENT 
FIG. 6 

SIDE VIEW SHOWING HOW VIBRATING REEDS OF SECOND EMBODIMENT VIBRATE 
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FIG. 7 

TOP VIEW OF THIRD EMBODIMENT 
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